


CARTHE	  Dri+er	  Design	  	   “$500	  -‐	  $1000”,	  Satellite	  tracked,	  3	  months	  
biodegradable	  plas=c,	  1100	  deployed	  in	  LASER,	  
~30%	  drogue	  failures	  (fixes	  underway)	  
	  

Detailed	  Laboratory	  characteriza;on	  
“Follow	  Lagrangian	  flow	  in	  upper	  0.6	  m”	  

Oil	  comparisons	  





Cyclonic	  eddies	  Strain	  density	  gradient	  into	  fronts	  and	  filaments	  
Distort	  density	  from	  ship’s	  underway	  system	  using	  driOer	  trajectories	  

~1	  day	  of	  data	  



280	  DriOers	  over	  6	  days	  with	  Ship	  Track	  &	  ADCP	  Vectors	  

5	  km	  



Example	  of	  Convergence	  	  (aOer	  storm)	  



Convergence of  Convex Hulls (after storm) 
Defined	  by	  sets	  of	  driOers	  





Vor;city	  from	  plane	  fit	  of	  velocity	  from	  all	  driOers	  in	  a	  2km	  radius	  
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Frontal Subduction from Directed Ship Sections 
       “Difficult	  to	  do	  this	  with	  ship	  surveys	  alone”	  





Dynamics?	  



Diagnosing dynamical balance 
from surface drifter observations 

           �             �          �           �           �  

𝑑/𝑑𝑡 𝑉 + 𝑓 × 𝑉 + − 𝜏 /𝜌↓0 𝐻 =−𝑔𝛻𝜂+𝑣𝑖𝑠𝑐. 

Lagrangian particle momentum equation: 

Terms: 
� Acceleration 
� Coriolis 
� Wind stress 
� Pressure (SSH) gradient 
� Viscosity 



Diagnosing dynamical balance 
from surface drifter observations 

𝑑/𝑑𝑡 𝑉 + 𝑓 × 𝑉 + − 𝜏 /𝜌↓0 𝐻 =−𝑔𝛻𝜂+𝑣𝑖𝑠𝑐. 
𝑑/𝑑𝑡 𝑈+                   − 𝜏↓𝑥 /𝜌↓0 𝐻 =−𝑔𝜕𝜂/𝜕𝑥 +𝑣𝑖𝑠𝑐. 

In streamwise (intrinsic) coordinates: 

𝑈↑2 /𝑅 +𝑓𝑈+ − 𝜏↓𝑦 /𝜌↓0 𝐻 =−𝑔𝜕𝜂/𝜕𝑦 +𝑣𝑖𝑠𝑐. 

Terms: 
� Acceleration (tangential/centripetal) 
� Coriolis 
� Wind stress 
� Pressure (SSH) gradient 
� Viscosity 

Balances: 
� ~ � : Geostrophy 
� ~ � : Ekman 
�y~ � : Inertial oscillations 
�x~ � : Cyclostrophy 
�y~ � : Hydraulic control 

   +waves 
   ... 

               �        �        �             �        �  



Evolution of Lagrangian acceleration balance 

Geostrophy Wind  Gradient wind Inertial 

𝑑/𝑑𝑡 𝑈+                   − 𝜏↓𝑥 /𝜌↓0 𝐻 =−𝑔𝜕𝜂/𝜕𝑥 +𝑣𝑖𝑠𝑐. 
 
 
 
 

𝜔𝑈+𝑓𝑈+ − 𝜏↓𝑦 /𝜌↓0 𝐻 =−𝑔𝜕𝜂/𝜕𝑦 +𝑣𝑖𝑠𝑐. 
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Visualizing the balance 
Mapping magnitudes of the equation terms to colors  

𝑈↑2 /𝑅 +𝑓𝑈+ − 𝜏↓𝑦 /𝜌↓0 𝐻 =−𝑔𝜕𝜂/𝜕𝑦 +𝑣𝑖𝑠𝑐. 

𝑅=1−|𝑇↓2 + 𝑇↓3 |/|𝑇↓1 |+|𝑇↓2 |+|𝑇↓3 |  
𝐺=1−|𝑇↓1 + 𝑇↓2 |/|𝑇↓1 |+|𝑇↓2 |+|𝑇↓3 |  
𝐵=1−|𝑇↓1 + 𝑇↓3 |/|𝑇↓1 |+|𝑇↓2 |+|𝑇↓3 |  
 



Dynamic balance visualized 
Different colors = different dominant terms 



Dynamic balance visualized 
Different colors = different dominant terms 



Quantify submesoscale SSH from drifters? 
Dense drifter array allows integration 

𝛻𝜂↓𝑎 +𝛻𝜂↓𝑐 +𝛻𝜂↓𝜏 =𝛻𝜂  

Re-write in terms of SSH gradients: 

… and integrate to obtain fields of SSH anomaly contributions 

𝑑/𝑑𝑡 𝑉 + 𝑓 × 𝑉 + − 𝜏 /𝜌↓0 𝐻 =−𝑔𝛻𝜂  



Mostly-geostrophic eddy 



Wind burst 
17 m/s sustained gale 



Free inertial oscillation 



Confluence 

“zipper” 



Cyclostrophic eddy 



•  Massive Surface Drifter releases can effectively sample the submesocale 

•  Can effectively direct ship surveys to interesting features   

•  Found strong convergences with scales of 10 km to 100m 

•  Found characteristic structures: fronts, “zippers”, km-scale cyclones 

•  Could diagnose SSH variations of 4 cm over 10 km 

•  Dynamical balance varies: geostrophic/wind/inertial/cyclostrophic 

•  Submesoscale structures and dynamical balances vary over a few hours  

SUMMARY 



EXTRAS	  







DIVERGENCE	  from	  plane	  fit	  of	  velocity	  from	  all	  driOers	  in	  a	  2km	  radius	  
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The	  ‘Zipper’	  structure	  -‐	  	  divergence	  colored	  



Multiple rolled-up SST fronts 



SST fronts in LDA area… 

… are often fully-compensated in density 

<150m 


